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624a Wednesday, February 11, 2015in notable changes in the spectrum full width at half maximum (FWHM).
We discuss these new effects in terms of the mechanism of plasmonic
enhancement.
1Metal-Enhanced Fluorescence, Edited by Geddes, C.D., John Wiley and Sons,
New Jersey, June 2010, 625 pgs, ISBN: 978-0-470-22838-8.
2 Spectral Shifts in Metal-Enhanced Fluorescence, Karolin, J. and Geddes,
C.D., (2014), Applied Physics Letters, 105, 063102.
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Ultrasensitive Detection Allows for Singlet Oxygen Phosphorescence
Detection, an Important Prerequisite for Photodynamic Therapy
Marcelle Koenig1, Manoel Veiga1, Sebastian Tannert1, Felix Koberling1,
Volker Buschmann1, Matthias Patting1, Marcus Sackrow1, Michael Wahl1,
Rainer Erdmann1, Peter Kapusta2, Christian Wolf3, Christian Kaufmann3,
Humberto Rodriguez3.
1PicoQuant GmbH, Berlin, Germany, 2J. Heyrovsky Institute of Physical
Chemistry, Prague, Czech Republic, 3PVcomB/Helmholtz-Zentrum Berlin
fu¨r Materialien und Energie GmbH, Berlin, Germany.
Detection sensitivity from the ultraviolet to the near infrared spectral region
is a key parameter to meet today’s demand for handling smallest analyte
amounts and short measurement times in the optical evaluation of miscella-
neous samples. The introduction of single photon counting based data acqui-
sition has proven to yield a major sensitivity increase and very high dynamic
range - it is the ideal method for measuring weak luminescence.
We present the hardware and handling optimization of a state of the art spec-
trometer for steady-state and time-resolved fluorescence measurements. The
high sensitivity of the spectrometer was shown by measurements of popular
fluorescent dyes as well as the Raman spectrum of water under well defined
and reproducible conditions. The achieved sensitivity allows us to quantify
singlet oxygen generation and to characterize the singlet oxygen phosphores-
cence decay, a prerequisite when studying photosensitisers like porphyrins
and phthalocyanines used for example in photodynamic therapy (PDT). More-
over, with the help of an integrating sphere fluorescence quantum yields of low
fluorescent samples like Ru(bpy)3 in water can be determined very precisely.
The fibre connection of the spectrometer to a time-resolved fluorescence micro-
scope (MicroTime100/200) was also realized. The combination of the advan-
tages of both setups makes it e.g. possible to perform 2D-lifetime imaging
with a freely tunable detection window for low luminescent samples even far
into the near infrared region. The measurements with such a combination
give not only the spectral and lifetime information of a luminescent sample
but also the spatial information which is especially important for hetergeneous
samples.
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Accounting for Photophysical Processes and Specific Signal Intensity
Change in Fluorescence-Detected Sedimentation Velocity Analytical
Ultracentrifugation
Huaying Zhao1, Jia Ma2, Maria Ingaramo2, Eric Andrade2, Jeff MacDonald3,
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Fluorescence detected sedimentation velocity (FDS-SV) analytical ultracen-
trifugation has emerged as a powerful technique for the study of macromo-
lecular interactions, particularly high-affinity protein interactions, with
hydrodynamic resolution exceeding that of diffusion-based techniques, and
with sufficient sensitivity for binding studies at low picomolar concentra-
tions. In order to fit the FDS data structure, in the quantitative analysis it
is essential to adjust the conventional sedimentation models for detailed
description of the sedimentation boundaries. A key consideration is the
change in the macromolecular fluorescence intensity during the course of
the experiment, caused by slow drifts of the excitation laser power, and/or
by photophysical processes. In the present work we demonstrate that FDS-
SV data have inherently a reference for the time-dependent macromolecular
signal intensity, resting on a geometric link between boundary migration and
plateau signal. We show how this new time-domain can be exploited to
study molecules exhibiting photobleaching and photoactivation. This ex-
pands the application of FDS-SV to proteins tagged with photoswitchable
fluorescent proteins, organic dyes, or nanoparticles, such as those recently
introduced for sub-diffraction microscopy. At the same time, we find con-
ventional fluorophores undergo minimal photobleaching under standard illu-
mination in the FDS. These findings support the application of a high laser
power density for the detection, which we demonstrate can further increase
the data quality.3146-Pos Board B576
Sedimentation Velocity Analysis of the EGFPs in E. coli Whole Cell
Extracts using Fluorescence Detection System
Jia Ma, Huaying Zhao, Peter Schuck.
NIBIB, NIH, Bethesda, MD, USA.
The analytical ultracentrifugation (AUC) is a classic biophysical instrument to
analyze protein interactions in solutions. A recently introduced fluorescence
detection system (FDS) improves the specificity and sensitivity of the AUC,
and offers the potential to analyze the protein interactions in biological fluids.
We explore challenges posed by the application of FDS-AUC to the study of
protein interactions in E.coli whole cell extracts, using fluorescent proteins
(EGFPs) as model system. At experimentally feasible concentrations of cell
extracts, we find no discernable effects of hydrodynamic nonideality on the
sedimentation of EGFPs. However, at high concentrations E.coliwhole cell ex-
tracts produce significant signals from auto fluorescence with complicated
quenching patterns. Goal of this work is to establish detection limits and
develop procedures to improve specificity.
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Two-Color Imaging using Spectral Variants of iRFP670 and iRFP682
Near-Infrared Fluorescent Proteins
Mikhail Baloban, Daria M. Shcherbakova, Vladislav V. Verkhusha.
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The new class of fluorescent proteins (FPs) engineered from bacterial phyto-
chromes (BphPs) attracts much attention for in vivo imaging due to their
near-infrared (NIR) fluorescence spectra. These FPs utilize widely available
in mammalian cells biliverdin (BV), a product of heme degradation, as a chro-
mophore and, therefore, are as easy to use as common GFP-like proteins. We
recently reported five NIR FPs, called iRFPs, with different fluorescence and
biochemical properties. Interestingly, two of them, iRFP670 and iRFP682, ex-
hibited the twice higher molecular brightness, as well as the blue-shifted absor-
bance (643 nm and 663 nm) and fluorescence (670 nm and 682 nm) compared
to other iRFPs. Here we characterized the unusual properties of these NIR FPs
in detail. Our biochemical and biophysical analysis showed that iRFP670 and
iRFP682 incorporate the BV chromophore in two distinct confirmations. A sin-
gle amino acid mutation resulted in a depletion of one BV confirmations in the
protein binding pocket and, consequently, in 30 nm red-shifts of both absor-
bance and fluorescence. The point mutation also caused a slight decrease in
the molecular brightness and an increase in the pH stability of the obtained
red-shifted variants, which we named iRFP670-red and iRFP682-red. The
effective brightness of the iRFP670-red and iRFP682-red in live mammalian
cells was comparable to that of the parental proteins, suggesting that the high
efficiency and high specificity of the incorporation of endogenous BV chromo-
phore was not affected. Spectrally resolvable fluorescence of the iRFP670 and
iRFP670-red pair, as well as of the iRFP682 and iRFP682-red pair, allowed
easy separation of two cellular populations using FACS cytometry and straight-
forward two-color fluorescence microscopy of live cells, thus making them the
probes of choice for cell labeling in the NIR region.
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Tuning the Photophysical Properties of the Green Fluorescent Protein
with Unnatural Amino Acids
Gregory M. Olenginski, Christine M. Phillips-Piro, Scott H. Brewer.
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Green fluorescent protein (GFP) is a widely utilized protein in imaging due to
its favorable optical properties. These photophysical properties have previously
been modified through site-directed mutagenesis utilizing naturally occurring
amino acids. Here, we have further modulated the photophysical properties
of GFP in a systematic fashion by the site-specific incorporation of unnatural
amino acids (UAAs) into this protein. UAAs greatly enhance the ability to
modulate the optical properties of this protein in a controlled manner. Optical
data on these new GFP constructs containing UAAs will be presented along
with initial crystallographic data relating structural changes in the protein to
changes in the optical properties.
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Use of the Methyl Ester of a Fluorescent Unnatural Amino Acid to Facil-
itate Site-Specific Incorporation of Fluorescent Probes in Proteins
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Fluorescent unnatural amino acids (UAAs) can be efficiently incorporated
in target proteins in vivo by expressing suppressor tRNA/aminoacyl-tRNA
Wednesday, February 11, 2015 625asynthetase (tRNA/aaRS) pairs in the presence of target protein mRNA that
contains an orthogonal stop codon in the coding sequence and adequate
cellular levels of UAA. While conceptually straightforward, many technical
barriers impede facile application of this technology in a broad array of eu-
karyotic expression systems. Cell loading of UAAs is one such obstacle since
amino acids usually require specific transporters for cellular uptake. To
improve UAA cell loading, the methyl ester of one fluorescent UAA, L-
Anap (L-Anap-AM) was tested in eukaryotic expression systems. L-Anap-
AM is soluble in ethanol and DMSO, and readily diluted into aqueous solu-
tions. Full length GFP (containing a stop codon mutation at Y39) and
AHA2 Hþ-ATPase (stop codon mutation at W71) were produced in yeast
strains expressing a tRNA/aaRS pair for L-Anap after growth in L-Anap-
AM containing media. Both expressed proteins were fluorescent and GFP
showed efficient FRET between L-Anap and the protein fluorochrome. LC/
MS/MS studies also showed that L-Anap was located at residue 39 in GFP.
These studies demonstrated that L-Anap-AM is correctly incorporated into
peptide chains during translation. Studies were also carried out in Xenopus oo-
cytes in which nuclear injection of the tRNA/aaRS pair for L-Anap was fol-
lowed by injection of cRNA for Connexin 26 (Cx26) or the Shaker KV
channel containing a stop codon mutation at specific locations. Both Cx26
and Kþ currents were measured in injected oocytes, using a two-
microelectrode voltage clamp, only after incubation in an L-Anap-AM con-
taining storage buffer. These studies demonstrate that L-Anap-AM can be
used effectively to generate UAA-containing proteins in a variety of eukary-
otic expression systems.3150-Pos Board B580
Dithioamide Peptides and Proteins: Synthesis and Application to Tracking
Protein Conformational Changes by Fluorescence Spectroscopy
Yun Huang.
Department of Chemistry, University of Pennsylvania, Philadelphia, PA,
USA.
Tracking protein conformational change is important to understand the folding
and function of proteins. Fo¨rster resonant energy transfer (FRET) and photo-
induced electron transfer (PET) are widely used to get time-resolved structural
information on protein motions. However, the relatively large size of fluoro-
phores and quenchers may introduce significant perturbations to protein struc-
ture. The thioamide bond, a single atom substitution of the peptide bond, has
recently been shown to be a minimalist fluorescent quencher of various fluoro-
phores by either FRET- or PET- based mechanisms. Unlike commonly used
fluorescence probes, thioamides are sufficiently small that they can be placed
at nearly any position in the protein sequence without significant alteration
of the secondary structure. However, moderate quenching efficiency may limit
its sensitivity for some applications. Here, we show that two consecutive thio-
amide bonds can be incorporated into peptide and protein backbones, and the
quenching effect is strengthened compared with a mono-thioamide. Thus
dithioamide bonds provide increased sensitivity to detect protein conforma-
tional changes and may be used for advanced spectroscopy applications like
Fluorescence correlation spectroscopy (FCS) and Fluorescence lifetime imag-
ing microscopy (FLIM).3151-Pos Board B581
Parallels between Enzyme Action and Tryptophan Fluorescence Bright-
ness in Proteins
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Thousands of scientists studying proteins rely on the intensity, wavelength,
and lifetimes of emitted light (fluorescence) from the amino acid tryptophan
(Trp) because it is extremely sensitive to its ‘‘environment’’ in a protein. But,
what exactly does ‘‘environment’’ mean? In the last several years, we have
combined classical molecular dynamics with simplified quantum mechanics
and electrostatics to gain considerable insight into what environments pro-
mote and quench Trp fluorescence. Close parallels can be drawn between
our simulations of Trp fluorescence brightness and simulations of enzyme
effectiveness, especially for the ‘‘single electron transfer’’ mechanism. We
have carried out MD simulations of Staphylococcal nuclease and ribonuclease
T1 and determined the electric potential difference between the phosphorus
subject to nucleophilic attack and the putative electrophile. These are charac-
terized by potential differences of 2-3 volts, with fluctuations spanning
1.5 volts, quite similar to the energy gaps between the fluorescing state of
Trp and charge transfer states that result in fluorescence quenching. We
shall report results for a variety of enzymes representing six major classes
of enzymes.3152-Pos Board B582
Investigation of E. coli Heptosyltransferase I Dynamics
Joy M. Cote.
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Interest in new methods to treat gram-negative bacterial infections has emerged
due to a significant increase in antibiotic resistance amongst bacteria. Bacterial
biofilms are a major contributor to this immunity. Heptosyltransferase-I (HepI)
is an essential enzyme for the biosynthesis of lipopolysaccharides (LPS), an
important component to bacterial biofilms. Cells deficient in HepI have
decreased intestinal colonization and are more susceptible to hydrophobic an-
tibacterials, which makes HepI a good target for developing inhibitors. HepI is
a member of the GT-B structural subclass of glycosyltransferases. Crystal
structures of GT-B enzymes have been observed to interconvert between
open and closed conformations based up the ligation state of the proteins; we
therefore hypothesize that HepI will also interconvert between open and closed
conformations to enable catalysis. In HepI, there are eight tryptophan residues,
which enable us to observe changes in the intrinsic tryptophan fluorescence
upon substrate binding. Using wild-type and mutant forms of HepI we are at-
tempting to discern which regions are undergoing conformational changes
upon binding of the sugar acceptor substrate (associated with an observed
blue shift in the fluorescence). Individual HepI tryptophan residues have
been mutated to phenylalanine. Arginine residues that we hypothesize to
have an important role in substrate induced conformational changes have
also been mutated. Fluorescence circular dichroism have been used to deter-
mine the impact of these residues upon binding. Enzyme kinetics were also per-
formed on all mutants to ensure that the mutagenesis was not impacting
catalysis. Data thus far suggest that a conformational change is indeed needed
for chemistry to occur. Monitoring whether a large dynamic closing occurs,
is also being explored using mutagenesis and site specific fluorophore incor-
poration. Ultimately, an enhanced understanding of HepI’s protein dynamics
and mechanism may lead to the design of more effective gram-negative
therapeutics.3153-Pos Board B583
The Role of Chaperone Proteins in Cataract Aggregation: A Two-
Dimensional Infrared Study
Tianqi O. Zhang, Martin T. Zanni.
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Crystallin proteins need to maintain their native structures at high concentration
in the lens to enable vision. When these proteins aggregate into opaque de-
posits, cataracts are formed. Most kinds of isolated crystallin proteins form am-
yloid fibril structures when treated with denaturants in vitro, but these
structures have not been confirmed from examination of a cataractous lens. It
is hypothesized that alpha crystallins form molecular chaperones that bind to
unfolded proteins and interrupt the aggregation pathways. We study the aggre-
gation of gammaD-crystallin in the presence of alphaB-crystallin with two-
dimensional infrared (2D IR) spectroscopy that is sensitive to the secondary
structure of proteins. Using 13C isotope labeling of either the gammaD-
crystallin or the alphaB-crystallin, we can independently watch structural
changes in both proteins simultaneously. In addition, cross-peaks in the 2D
IR spectra reveal coupling between the different proteins. Using these tools,
we have observed interaction between alphaB-Crystallin and aggregated
gammD-Crystallin. Our study provides a new way of monitoring protein-
protein interactions and will be valuable in the further studies of molecular
chaperone interactions with disease-related protein aggregates and their
intermediates.3154-Pos Board B584
Development of a Vibrational Hydration Ruler
Elise Tookmanian, Edward Fenlon, Scott Brewer.
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Amino acids covalently modified with spectroscopic reporters offer the
potential to probe local protein hydration with high spatial and temporal
resolution when coupled with the appropriate spectroscopic technique. Three
azidophenylalanine residues have been synthesized and, in combination with
the commercially available 4-azido-L-phenylalanine, form a series of unnatural
amino acids (UAAs) containing the azide vibrational reporter at varying
distances from the aromatic ring of phenylalanine. The azide vibrational
reporter was selected due to the position, sensitivity and extinction coeffi-
cient of the azide asymmetric stretch vibration. The sensitivity of the azide
reporters for these UAAs was investigated in solvents that mimic distinct
local protein environments. Three of the four azido modified phenylalanine
residues were successfully genetically incorporated into a surface site in super-
folder green fluorescent protein (sfGFP) utilizing an engineered, orthogonal
